As supporting information we give the details on the model and simulation methods used.
Atomic positions and charges in the unit cell of a dioctahedral clay [1] Site Water molecules are simulated using the TIP4P model [2] and cations and clay atoms are described with Lennard-Jones and Coulombic terms. The interactions of the water molecules, cations and clay atoms are described using a site-site interaction potential energy model where N is the number of atoms, q the atomic charge of atom i, r ij the distance between atoms i and j, and A, B, C, and D are the interaction parameters depending on the atom types. We used a truncated and shifted potential with cut-off radius r cut = 9.14 Å. The SHAKE algorithm is used to maintain the rigidity of the water molecules and we kept all clay atoms frozen during the simulation. Table 2 reproduces the Van der Waals force-field parameters [3, 4] . A typical snapshot of the system is shown in Figure 1 . 
Simulation details
In the experiments the water is in open contact with a water reservoir (see Figure 2) . The relevant thermodynamic variables are the temperature T, the chemical potential of the water µ, and the external pressure P ext . This external pressure could be equal to the pressure of the atmosphere in which a swelling experiment is performed or different if the external pressure is exerted by, for example, the surrounding soil. To mimic this experimental set-up we performed simulations in the grand-canonical ensemble, in which we use a fixed volume, temperature, and chemical potential of the water. [5] to calculate a value of 0.817 for . ) ( sat water P φ For simulations in the grand canonical ensemble it is important to successfully insert water molecules. To make these insertions possible at high water densities we used the configurational-biased Monte Carlo (CBMC) technique, using a multiple first bead scheme of 50 trial oxygen positions and 25 trial hydrogen positions (MFB1-50-25) [6] . These CBMC simulations were combined with ordinary NVT molecular dynamics, with the Leap Frog Verlet Algorithm and time step t = 1.0 fs. We performed the simulations at a temperature (T) of 298 K using the Nosé-Hoover thermostat. We applied the Ewald summation (the vectors in k-space are: k x = 6, k y = 8, and 7 ≤ k z ≤ 15; α = 0.35) to treat the long-range Coulombic interactions. The first 150 ps are used for particle equilibration and the latter 200 ps for gathering statistical data. We computed the free energy by computing the reversible work that has to be applied on the clay system to change the basal spacing. This reversible work is obtained from the area and pressure normal to the clay layers (P z ). This term is calculated through the following formula:
where N water is the number of water molecules, N cation the number of cations, k b the Boltzmann constant, A the area of the clay layers (21.12·18.28 Å 2 ), and the difference in potential energy. This energy difference is calculated by applying the trial volume change method
Pot ij U ∆ [7] . Every 100 steps, on average, we virtually scaled the centre of masses of all molecules, within the range of -∆z max < ∆z < ∆z max , with ∆z max = 0.001 Å. ∆ corresponds to the energy difference between the systems of scaled and un-scaled coordinates. The free energy difference (∆F) per clay area is then obtained by integrating the difference of P Pot ij U z and the external pressure as a function of the basal spacing (s z ) [8] ( ) 
